ABSTRACT. We examined secondary structures of the ribonuclease P RNA sequences obtained from DNA databases, and identified a determinative prototype of the P12 helix peculiar to each species of hemoplasmas. This key structure will provide a rapid means for species identification of these uncultivable pathogens without making a phylogenetic tree based on alignments of nucleotide sequences. This procedure based on palindromic nucleotide substitutions at the stem portion of the P12 helix provide clear information such as the level of heterogeneity within a species, the relatedness between species, or facilitating the characterization and clustering of specific strains.
Hemoplasmas, hemotropic mycoplasmas, are causative of infectious anemia not only in animals but also probably in humans [14, 17] . Microbiological identification of hemoplasmas has been hampered by lack of an appropriate means to grow them in vitro. Thus the diagnosis of hemoplasma infections has largely been depending on cytological examinations and/or PCR. PCR is most preferably used since the cytological identification of the organisms in blood smear has a low diagnostic sensitivity and may instead detect Howell-Jolly bodies. Only two conserved nucleotide sequences, the 16S rRNA and ribonuclease (RNase) P RNA genes, are widely used in specific PCR diagnosis for hemoplasma infections, and hemoplasmas have been divided into haemominutum and haemofelis clusters based on phylogenetic analyses of these RNA sequences [12] . Although the 16S rRNA gene has long been used for identification and classification of prokaryotes, it is sometimes difficult to distinguish between closely related species, such as Mycoplasma haemofelis and M. haemocanis [11] . These 2 species have been distinct in the RNase P RNA sequence, though they have been grouped together consistently in phylogenetic analysis of the 16S rRNA sequence [1, 16] . In the present study we found a genetic marker for identification of hemoplasma species by an in-depth investigation of the secondary structure of the RNase P RNA molecules. This genetic marker allows rapid identification of hemoplasma species without aligning nucleotide sequences or making phyologenetic trees.
RNase P RNA, one of the first catalytic RNA molecules, is RNA moiety of RNase P that has been identified in all three domains of life, Bacteria, Eukarya and Archaea [7] . Bacterial RNase P RNA consists of two independently folding domains, a specificity domain and a catalytic domain [9] . The RNase P RNA of mycoplasmas has been assigned to class B architecture represented by Bacillus subtilis, including low G+C content Gram-negative bacteria [4] . We have examined the RNase P RNA genes of hemoplasmas and found a useful secondary structure in the specificity domain, that is peculiar to each hemoplasma species. Nucleotide sequences of RNase P RNA were obtained from the DNA databases and referred by accession numbers in the present study. Prokaryotic RNase P RNA is a ribozyme that is responsible for processing the 5' end of tRNA by cleaving a precursor and leading to tRNA maturation. Several secondary structure modules in RNase P RNA molecules have been predicted from the phylogenetic comparison, which play the interaction with a defined structural motif [15] . The GAAA tetraloop at the top of P12 helix has high affinity for the motif called tetraloop receptor of 11 nucleotides in P10.1 helix of the RNase P RNA class B molecules [8, 10] . M. fermentans is the only Mycplasma species that lacks the GAAA terminal loop at the P12 helix [13] . Alignments of short nucleotide sequences including the P12 and P10.1 helices of the haemominutum and haemofelis clusters are separately shown in Fig. 1 . The GAAA tetranucleotide was conserved at the terminal loop of the P12 helix in all the species of hemoplasmas. Typical 11-nucleotide (5'-TCTAAG.........TATGA-3') motif at the P10.1 portion, that is a putative region for a crossing-pair with the GAAA tetraloop, was well conserved in the haemominutum clusters. Secondary structures of the P12 portions were pre-dicted according to the algorithm of Zuker and Stiegler [19] . Nucleotide base-pairings at the stem region were variable among hemoplasma species, but capable to form a stable secondary structure to minimize free energy, by G-T wobble as well as canonical Watson-Crick base pairings (Fig. 2) . The minimum free energy for the each GAAA tetraloop module was calculated by the method of Freier et al. [3] . Size of the stem portion was variable from 5 to 7 base-pairings. Most stems of the P12 helix of hemoplasmas were consisting of seven base-pairings. The shortest stem was appeared in 'Candidatus M. haematoparvum', but it showed a substantially negative free energy to maintain a stable helix. Sequence divergence at the stem regions was resulted from coordinated mutations of complementary paired nucleotides in base-pairings. Such point mutations, also called palindromic nucleotide substitutions (PNS), may correspond to radical evolutionary changes, and can universally generate new species [2, 5, 6] . The P12 helices of M. haemofelis and M. haemocanis were almost identical except for a single base-pairing at the inception of the stem structure in terms of PNS. The former showed T-G or T-A pairing at this position but the latter was distinct by transitional substitution, which can be a genetic marker discriminating these two species. Thus, analysis of the secondary structures may provide a clear picture for species identification without making a phylogenetic tree, since nucleotide fluctuation at this particular portion was not found among nine hemoplasma strains (AF407210, AF407212, AY150987, AY150991, DQ859006 , DQ 859008, DQ859011, EU078611, EU078617) within a single species of M. haemofelis (data not shown). The PNS method provides results comparable with other taxonomical procedures by using phylogenetic analysis based on the primary structure, but it differs from them in that only the strategic and highly conserved portions in P12. Point mutations occur continuously and at random through the prokaryotic genome at every multiplication phase. Although point mutation must occur in both the translated and untranslated regions at the same rate, incidence of some nucleotide substitutions, observed in the prokaryotic ribozymes for housekeeping molecules, are biased by the selection of lethal mutation. These lethal mutations are not obvious in critical regions of the RNase P RNA gene. Therefore, comparison of the secondary structures may be more meaningful than the phylogenetic analysis based solely on an alignment of the RNase P RNA sequences. In conclusion, the PNS method based on the evaluation of only the strategic and highly conserved genome region in the specificity domain of RNase P RNA provides clear information at the level of heterogeneity within a species, the relatedness between species, or facilitating the characterization and clustering of specific strains.
